The freshwater fauna of nine caves in central Abkhazia, western Caucasus, revealed 35 species of stygobionts, including 15 new species to be described elsewhere. The number of species per station increased from the depth towards the entrance in caves Golova Otapa and Abrskila, becoming the highest in the epigean part. In both caves, two abundance peaks of aquatic invertebrates were registered: one in the entrance area, associated with the development of amphibiotic insect larvae, the other in the depths due to the high numbers of stygobionts. In Cave New Athos, the highest species richness and abundance were observed in large lakes. In caves Golova Otapa and Abrskila, two faunistic complexes with complementary distributions were found, the first due to amphibiotic insects in the cave entrance area, the second one composed of stygobionts in the deep areas. The impact of anthropogenic factors on aquatic cave communities was also noted. The stygobiotic faunas of all caves studied were clearly divided into three groups, following the number of river valleys in which they were situated. The stygobiont faunas of the caves located within one river valley appeared to be 50% similar. In contrast, the fauna composition of the stygobionts from caves situated in different valleys shared not more than 12% species in common. Stygobiotic shrimps and gastropod mollusks show profound local endemism. Stygobiotic Amphipoda penetrating the ground waters revealed wide distributions between cave systems within a single karst massif. 
Introduction
Cave biotopes are often inhabited by unique complexes of aquatic species. At least some of these species are completely absent in epigean ecosystems. Such a refugial character of stygobiotic communities is developed in consequence to the constant environmental parameters in subterranean waterbodies which remain stable not only for some years, but also on a geological time scale (Birstein and Borutzky 1950) . Thus, the freshwater fauna of karst caves of the Caucasus is known to exist in more or less stable conditions since the Tertiary. Not surprisingly, the fauna includes a great number of endemic taxa both at the specific and generic levels (Birstein 1950) .
The study of the stygobiotic fauna in the western Caucasus started with the works of Zhadin (1932 Zhadin ( , 1952 , Starobogatov (1962) , Birstein (Birstein 1950 , Birstein and Ljovuschkin 1965 , Birstein and Lopashov 1940 and Borutzky (Borutzky 1940 , 1971 , Borutzky and Mihajlova-Nejkova 1970 . They all focused on mollusks and/or crustaceans. However, those early evaluations of the species diversity in the stygobiotic groups clearly indicated that the region was underexplored (Birstein 1950) .
In the recent years, inventorying and cataloguing the subterranean fauna of the western Caucasus, in particular stygobiotic invertebrates, have been carried out (Kniss 2001 , Barjadze et al. 2015 . These studies predominantly concern the fauna of large karst caves of the Krasnodar Krai, Russia, Abkhazia and Imeretia, Georgia. The greatest number of new species has been described among stygobiotic Amphipoda, even though this is predicted to grow significantly in the future (Sidorov 2014 (Sidorov , 2015a . Some species of the cavernicolous shrimp genus Troglocaris Dormitzer, 1853 have been redescribed (Anosov 2016, Marin and Sokolova 2014) . A zoogeographic regionalization of the stygobiotic isopod fauna of the Caucasus has appeared recently (Turbanov 2015) . A taxonomic revision and a species richness analysis of cavernicolous gastropods were published (Vinarski et al. 2014, Palatov and Vinarskiy 2015) .
At the same time, a number of invertebrate groups inhabiting the caves of the western Caucasus remain almost untreated taxonomically. Descriptions of cavernicolous Turbellaria have just begun (Shumeyev 2008) . The data existing on Oligochaeta and Hirudinea diversity are restricted to the identification of the stygobiotic genera most abundant in the region . Thus, taxonomic studies on the aquatic cave fauna of the western Caucasus remains in its initial stage. Almost all biospeleological investigations are hampered by the inability to identify organisms to species, sometimes even to the generic level.
Not surprisingly, both the ecology and community structure of stygobiotic fauna in the western Caucasus are far from well-known. Investigations which would comprise all taxa of aquatic invertebrates inhabiting individual cave systems are extremely rare. Usually such studies concern both stygo-and troglofaunas, only partially com-plete though (Koval 2003 , Sendra and Reboleira 2012 . Comparisons of macrobenthos compositions between different habitats of a single large cave or between different karst massifs are virtually absent (Ljovuschkin 1975) . A similar situation is observed even in the far better prospected stygobiotic fauna of the Balkan Peninsula (Franjević et al. 2010) .
Complex studies of cavernicolous species communities are of importance to biodiversity analyses and biogeographical reconstructions, as well as to the ecological monitoring of troglobitic ecosystems. There are some fundamental problems that remain unresolved: first of all, what is the real species richness of a karst massif? How far can different taxonomic groups of stygobionts disperse? Which changes or successions in aquatic communities can be observed with an increasing distance from the entrance? Which is the influence of anthropogenic impacts on those changes? The latter question is extremely topical, allowing for the use data on stygobiotic species as indicators of anthropogenic pressure in touristic caves ).
In the current study, an analysis of the freshwater fauna in nine caves of central Abkhazia, western Caucasus is presented. There are three different aims in this study: (1) to provide an inventory of the species richness of freshwater invertebrates; (2) to elucidate the patterns of species distribution within a single cave considering the anthropogenic factor; and (3) to perform a comparative analysis of the stygobiotic faunas inhabiting the different regions of Abkhazia.
Material and methods

Explored area
Our investigation focused on the Gumishinsko-Panavskiy speleoregion (Dublyansky et al. 1987 ) of central Abkhazia. The material was collected during two weeks of February 2012 and 2015 in six large and three small caves in the Gudautsky, Gulrypshsky and Ochamchirsky regions. All cave waterbodies had low water levels during the sampling time, so the flood aspects were absent. The locations of the examined caves are shown on Figure 1. (1) Gudautsky region. Samples were taken in Cave New Athos (Novoafonskaya) and in Cave Simona Kananita. The former is a huge karst cave with several large halls and a total of approximately 1 mil. m³ volume. There are lakes in two of the halls, small puddles and streams being scattered almost all over the cave. The material was collected in nine halls, six of which are visited by organized tourist groups. Cave Simona Kananita supports a stream with the part available for sampling extending for no more than 20 m. (2) Gulrypshsky region. The material was collected in Nizhnyaya Shakuranskaya and Srednyaya Shakuranskaya caves, as well as in Tsebel'dinskaya cave. All the three karst caves are horizontal and have a flooded central gallery with a stream or river flowing all along. The length of the explored parts of these caves did not exceed 200 m. (3) Ochamchirsky region. Sampling was carried out in Abrskila and Golova Otapa caves, as well as in Uapatyh (Nad Golovoy Otapa) and the 85 m rock wells. The firsts two caves are represented by horizontal branching gallery systems, the largest of which supports a river. The total length of the explored part of Abrskila Cave was nearly 2.5 km, that of Golova Otapa Cave, 500 m. The parts of the streams available for sampling in both vertical wells were located near their bottoms.
Anthropogenic impact
Tourists mostly visit the New Athos Cave (Ekba and Dbar 2007) , which has a special visiting tunnel. The cave is supplied with air-shafts, tourist trails, bridges, and illumination affecting at least 50% of the cave. Abrskila Cave is rarely visited by tourists. Artificial illumination in this cave extends to a distance of 400 meters from the entrance, i.e. less than a quarter of the total length of the cave. In Golova Otapa Cave, which is also frequented by tourists, the human influence can be restricted to the construction of approximately 50 meters long wooden paths located to nearly 100 meters off the entrance. At the time of our research, the cave had no artificial illumination. Nizhnyaya Shakuranskaya and Srednyaya Shakuranskaya caves, as well as Tsebel'dinskaya and Simona Kananita caves were only occasionally visited by local people. Both Uapatyh and 85 m wells were not accessible to man without special speleological equipment.
Sampling strategy
In all of the karst caves, quantitative macrobenthos sampling was undertaken. In the long horizontal Abrskila and Golova Otapa caves, the sampling stations were set in transects along the river from the deepest halls to the entrance area. One station was situated above ground not far away from a cave entrance.The transect in Abrskila Cave comprised 11 stations, versus nine in Golova Otapa Cave (Figures 2, 3 ). In New Athos Cave, which had only artificial outlet to the surface, besides of a sinkhole and cracks in the vaults of some halls, 12 sampling stations were established ( Figure 4 ). The stations thus covered all of the main types of cave waterbodies. Three samples per station were taken in every cave. In Nizhnyaya Shakuranskaya and Srednyaya Shakuranskaya caves, as well as in Tsebel'dinskaya Cave, macrobenthos samples were collected at five stations each. All stations were located along the first 200 meters of the main flooded gallery. In both wells examined and in Simona Kananita Cave, sampling was done in only one station. However, this latter station included all available aquatic habitats.
At all of the stations, the basic hydrological and physical parameters of waterbodies (width, depth, flow rate, type of sediments, silting, and water temperature) were measured. The general characteristics of the collected material are presented in Table 1 .
Quantitative samples of macrobenthos were taken with a hemispherical scraper with an area of 0.02 m 2 and a mesh size of 1 mm. Each sample included organisms pooled from five scrapers collected at a distance of five meters from each other. The sample area was approximately 0.1 m 2 . Macrobenthos was collected from the samples and preserved in 90% ethanol. 
Taxonomy
For species identifications, reference material representing most of the invertebrate groups and kept in the Zoological Institute of the Russian Academy of Sciences (St. Petersburg) and the Zoological Museum of the Moscow State University was used. Identification keys are only known for the Caucasian members of the genus Niphargus (Birstein 1952) , the family Typhlogammaridae (Starobogatov 1995) , as well as stygobiotic shellfish (Starobogatov 1962) . However, due to the high probability of new species encounters, in some cases no exact identification was possible based on these publications.
Statistical analysis
Species diversity. An analysis of species diversity in the study stations used the ShannonWeaver index (Shannon and Weaver 1963) . This index is applicable to assess community structure and takes into account both the number of species in a sample and the extent of their domination (% of total organisms abundance). The Shannon-Weaver index (H) is less dependent on the sample amount. In addition, this index is sensitive to changes in the abundance of rare species.
Comparing of caves faunas
Pairwise similarity of the species composition from different samples in one cave was evaluated using the Czekanowski index (D) for quantitative data (Magurran 2004) :
where Xi, Yi are the proportion of individuals belonging to the each species of all individuals found in samples X and Y, respectively. To compare the composition of troglobitic faunas, the taxonomic overlap (in %) was calculated between the species lists of different caves. The similarity in faunal composition between the caves was estimated using the Kulczynski index (K) for presence/ absence data (Clarke and Gorley 2006) : (3) where a is the number of common species in fauna groups x and y; and b and c are the numbers of species restricted to one of the groups. This index is independent of joint absence and moderately sensitive to the difference in the total length of the compared lists, making it useful for potentially insufficient or fragmentary data. It is often used for biogeographic analyses of recent faunas (Murray et al. 2002 , Azeria 2004 ).
We applied the multi-dimensional scaling method in PRIMER (version 6) for a graphical presentation of species composition similarity between caves (Clarke and Gorley 2006) . This method allows for comparing the objects in a bi-dimensional space so that all distances between points correspond to a certain value. Consequently, this approach helps to visualise the cluster structure of selected stations.
Results
Species richness
In the waterbodies of the study caves, 46 taxa of aquatic invertebrates were found to populate subterranean and epigean habitats. Among them, there are 35 stygobiotic species: four species of Turbellaria (the genera Dendrocoelum Øersted, 1843 and Dugesia Girard, 1850), four Oligochaeta species (Rhyacodrilus Bretscher, 1901 , Embolocephalus Randolph, 1892 , Eisenia Michaelsen, 1900 , one leech (Hirudinea) (Dina Blanchard, 1892); 15 species of mollusks: Gastropoda (Belgrandiella Wagner, 1928 , Paladilhiopsis Pavlovic, 1913 , Plagigeyeria Tomlin, 1930 , Pontohoratia Vinarski et al., 2014 and Bivalvia (the subgenus Euglesa Jenyns, 1832 of Pisidium Pfeiffer, 1821); 12 species of crustacean: Isopoda (Proasellus Dudich, 1925), Amphipoda (Niphargus Schiödte, 1849 , Synurella Wrzesniowksi, 1877 , Zenkevitchia Birstein, 1940 and Decapoda (Troglocaris Dormitzer, 1853) . Insect larvae and amphipods typical of epigean waterbodies included only nine species found mostly near the entrances of the caves. Approximately half of the stygobiotic invertebrates (14 species) are presumably new and will be described elsewhere (Table 2) .
Taxonomic remarks
The taxonomic status of many stygobiotic groups from the western Caucasus is still questionable. This problem especially applies to Gastropoda. Many species of this class are described by single shells and assigned to the European genera Horatia Bourguignat, 1887, Plagigeyeria, and Paladilhiopsis (Starobogatov, 1962) . The inadequacy of such an approach was previously confirmed, Horatia-like mollusks taken as an example (Vinarski et al. 2014) . Anatomical studies of other groups of Caucasian subterranean Hydrobiidae show similar results. Thus, all Caucasian species of "Plagigeyeria" and some species of "Paladilhiopsis" must be defined as new genera on the basis of anatomical features (Palatov and Vinarski 2015) .
The situation concerning the Caucasian stygobiotic bivalve subgenus Euglesa of Pisidium is also complicated. All forms described from caves are close to the crenobiotic Pisidium (Euglesa) personatum Malm, 1855, which is common in epigean waterbodies of the region. The main differences between species lie in shell shape and the organization of the hinge teeth. These characters vary significantly in populations from different caves, so a correct identification cannot be provided at this stage. Furthermore, part of the material of Caucasian stygobiotic bivalves is still unpublished. Starobogatov (unpublished) revised stygobiotic Euglesa from the western Caucasus and noted that each cave had at least one endemic species. For example, the bivalve from Tsebel'dinskaya Cave which had previously been identified as Pisidium cavaticum Zhadin, 1952 (Starobogatov 1962 , was later split into two new endemic species to be described.
Structure of cavernicolous communities
The aquatic faunas of the small caves (Simona Kananita, Uapatyh and the 85 m wells) are poor, and represent taxonomically depauperated derivatives from the faunas of the neighboring larger caves. In this regard, an analysis of the community structure was performed based on he three largest caves, Abrskila, Golova Otapa, and New Athos, that have been studied in detail.
Diversity and abundance. In Golova Otapa and Abrskila, variations in species complexes along the gradient of environment conditions were estimated. In both, the species richness and diversity increased from the most remote stations towards the cave entrance area and had the highest values in the epigean part of the streams ( Figure 5 ). The average species richness varied from three species at the furthermost station from the cave entrance to 7.5 species in the entrance area, and 10.5 species outside. The average value of the Shannon-Weaver diversity index varied from 0.8 in the distant parts to 1.7 near the entrance, becoming the highest beyond the cave on the surface, 2.7. Variations in the abundance of aquatic fauna along the environmental gradient in Golova Otapa and Abrskila were similar. In both caves, two peaks of abundance were observed ( Figure 5 ). The stygobiotic density in Abrskila reached 220 individuals/ m 2 , in Golova Otapa 110 ind/m 2 .The numbers at the epigean stations were close to or exceeded that in the cave entrance areas.
A different situation was observed in New Athos that had no natural horizontal gallery with an entrance to the surface. This cavity offered virtually no conditions for * -species are still to be described.
studying a gradient of environmental conditions, nor did it allow for an evaluation of the distance variations in species complexes to be made. The samples collected in New Athos were located near the touristic trails and in halls further away making possible the study of the human impact. The highest number of hydrobionts was found in Goluboe, Anatolija and Bezymjannoe lakes, which all lie away from the tourist trails (abundance 100-150 ind/m 2 ; the average number of species per station, 5.5). On the contrary, in waterbodies located near touristic trails, stygobionts were almost absent. Only some of them occurred in the halls with limited access by tourists, where the number of organisms reached 30 ind./m 2 , the average number of species per station being 2.5. Types of species complexes. Two main ecological-faunistic complexes were distinguished in the waterbodies of Abrskila, Golova Otapa, and New Athos caves.
A. Complex of amphibiotic insects from the cave entrance area. This community was characterized by the predominance of epigean organisms both in abundance and species richness. Larvae of amphibiotic insects formed the bulk of those communities (50-90% of the total fauna). Stygobionts found there must have been driven from the remote parts of the caves. The dominants were represented by epigean mayflies (Ephemeroptera), Electrogena zimmermanni Sowa, 1984, Baetis (Rhodobaetis) cf. gemellus, and the Amphipoda, Gammarus komareki Schäferna, 1922 (> 50% of the total abundance). The subdominants were caddisflies (Trichoptera), Notidobia forsteri Malicky, 1974 and Lithax incanus (Hagen, 1859) . The number of species totaled 14. The similarity estimated by the Czekanowski index (D) within this type of species complex was 0.62 ± 0.13.
Individual specimens of stonefly larvae Capnia sp. (Plecoptera), were found in Abrskila Cave on a piece of wood approximately 400 meters from the entrance, in the zone affected by artificial light. This suggests a principal capability of epigean fauna for penetrating deep into caves with some extraneous substrates.
B. Complex of stygobionts in remote (> 10 m) parts of caves. In Abrskila and Golova Otapa, the density of stygobiotic organisms gradually increased with distance from the entrance. However, the distribution of species was highly heterogeneous along the subterranean part: spots of high abundance are interspersed with areas with few specimens. Local aggregations of stygobionts seem to be in places where water seeps into the cave. The main dominant species is Troglocaris ablaskiri Birstein, 1939, up to 100% of the total abundance. The subdominants are Paladilhiopsis (Gastropoda) and Niphargus ablaskiri Birstein, 1940 (Amphipoda) . The number of species totals eight. The average similarity of the samples within the species complex is high (D = 0.75 ± 0.23).
In New Athos, the complex of stygobiotic fauna is only present in the large lakes, dominated by the shrimp Troglocaris fagei Birstein, 1939 , and the amphipods Niphargus ablaskiri and Zenkevitchia sp. 1 (67-100% of the total abundance). In other water bodies, hydrobionts are scarce and mainly represented by Niphargus ablaskiri. The number of species totals nine. The similarity within the species complex is 0.61 ± 0.12.
Successions in the species complexes in the streams of Abrskila and Golova Otapa are shown in Figure 6 . The distributions of the dominant Troglocaris ablaskiri and amphibiotic insects are clearly complementary.
Comparative analysis of the faunas
A comparative analysis of the stygobiotic invertebrate fauna of nine caves from central Abkhazia was conducted. These caves are located in three river valleys. Caves of the Ochamchirsky region (Abrskila, Golova Otapa, Uapatyh and the 85 m wells) are located within the water catchment area of Mokvi River, caves of the Gulrypshsky region (Nizhnyaya Shakuranskaya, Srednyaya Shakuranskaya and Tsebel'dinskaya) in the valley of Kodori River, while caves of the Gudautsky region (New Athos and Simona Kananita) in the valley of Psyrtskha River. The distance between the most separated caves, those from the Gudautsky and Ochamchirsky regions, is approximately 60 km (Figure 1) .
Using the Kulczynski similarity index, the stygobiont lists of the investigated caves can be seen as being very different from one another (K = 0.12 ± 0.15). However, when we consider the species lists from caves located within the same river valley and lying not more than 2-3 km apart, their faunas are quite similar (K = 0.77 ± 0.08). This applies to Abrskila, Golova Otapa, and two adjacent wells located in the Mokvi River valley. Another group of similar cave faunas is in both Shakuranskaya and Tsebel'dinskaya. However, the subterranean faunas of neighboring river valleys lying at a distance of several dozen kilometers show no more than 12% of shared species from the total list, for example the species complexes of the Gulrypshsky and Ochamchirsky regions. A comparative analysis of the species lists based on the Kulczynski index demonstrates a clear separation of the faunas into three groups, each corresponding to its own river valley (Figure 7) .
Estimating the distribution of the main taxonomic stygobiont groups shows that species of cavernicolous shrimps, gastropods, turbellarians, and oligochaetes are highly local in range (Table 2) . In neighboring caves, the species lists of these taxonomic groups sometimes overlap completely, but in caves separated from each other by 30 km or more, common species are absent. In contrast, on average, the Amphipoda species appear to be distributed more widely. Three of them (Zenkevitchia yakovi Sidorov, 2015, Niphargus iniochus Birstein, 1941 and N. ablaskiri) are found in cave systems of two of the three river valleys concerned. The Amphipoda fauna in the caves from the Gulrypshsky and Ochamchirsky regions overlap by 50%. At the same time, all of these amphipod species are regional endemics of the northwestern Caucasian karst formations.
Discussion
Specificity of stygobiotic fauna of studied region
Taxonomic structure. A list of the currently known stygobiotic multicellular invertebrates from the western Caucasus totals nearly 110 species (Kniss 2001 , Shumeyev 2008 , Sidorov 2014 , Sidorov et al. 2015a , b, Vinarskiy et al. 2014 , Barjadze et al. 2015 . This fauna is highly specific and contains more than 90% of presumed endemics not yet found outside the region. The composition of groundwater invertebrates of the western Caucasus includes almost all of the main subterranean groups typical of the Mediterranean: Turbellaria, Nematoda, Oligochaeta, Hirudinea, Gastropoda, Bivalvia, Crustacea (Copepoda, Ostracoda, Syncarida, Amphipoda, Isopoda, and Decap- oda) (Kniss 2001) . From amongst the cavernicolous taxa of higher taxonomic rank, the documented fauna of the western Caucasus lacks sponges, cnidarians, polychaetes, several groups of crustaceans (Cladocera, Thermosbaenacea, Mysidacea), as well as aquatic insects with full development found in the hypogean waters of Balkan (Ivković et al. 2013 , Jalžić and Pavlek 2013 , Van Damme and Sinev 2011 , Apennine (Morselli et al. 1995) , and Iberian (Trieno De Figuerono and Lopez-Rodrigues 2010) peninsulas. In addition, the Syncarida fauna of the western Caucasus is very scarce, represented by only two genera, as opposed to the Balkan and Iberian peninsulas, with six and eight genera, respectively (Camacho and Valdecasas 2008) .
In our material, all main groups of the Caucasian stygobionts were found, except Syncarida. The number of stygobiotic taxa totals 35. The most diverse are Amphipoda (seven species) and Gastropoda (the family Hydrobiidae, 12 species), which are dominant in the groundwater of the western Caucasus. Comparatively high rates of species richness of Amphipoda and Hydrobiidae are typical of some other Mediterranean regions, such as Croatia (Jalžić and Pavlek 2013) .
At present, information on the taxonomic composition of the western Caucasian stygobiotic fauna is far from complete. New research in even readily accessible and regularly visited caves alone is deemed to inevitably increase the list of cavernicolous taxa. In the western Caucasus, biological studies have hitherto been carried out in at least 200 caves (Kniss 2001) , but actually the region harbors several thousand caves (Dublyansky et al. 1987) .
Spatial distribution of abundance. In the Abrskila and Golova Otapa caves, two peaks of abundance were distinguished. The first, which corresponded to the parts of the caves that lay especially far from the entrances (> 200 m), was due to the high numbers of the shrimp, Troglocaris ablaskiri. This species showed very high numbers locally (200 ind./m 2 ). Such patchiness in some invertebrates (Insects) distribution in caves seemed to be confined to places where water, enriched with particulate organic matter, seeped inside the cave from the surface (Souza-Silva et al. 2011).The second peak of abundance was observed in the cave entrance area and was primarily associated with the development of epigean amphibiotic insects. In New Athos Cave, high stygobionts abundance was observed in the large lakes; no epigean aquatic organisms were found inside the cave. A clear spatial division of the abundance of epigean and stygobiotic species is long known to be typical of caves of the western Caucasus (Birstein 1950) .
The stygobiotic fauna of the Abkhazian study caves showed very high abundance rates, as a rule. This is especially clearly visible in large flooded cave systems.. However, in many caves of the Balkan Peninsula (Jalžić and Pavlek 2013) and in caves of Brazil (Simões et al. 2015) , the numbers of troglobionts average 10-20 ind./m 2 . Due to the low fauna abundance, quantitative sampling is often ineffective. In such cases, only qualitative material is collected by trapping, scraping, and manually using forceps (Halsel and Pearson 2014, Simões et al. 2015) . Therefore, the central Abkhazian caves, which are distinguished by a highly abundant stygobiotic fauna, are unique as testing grounds for analyzing the variability of quantitative characteristics of cave communities.
Factors determining the structure of troglobiont assemblages
The structure and the hydrological regime of caves. The species richness and abundance of stygobionts inhabiting the studied caves might to be dependent on the morphology: size, width of entrance holes and subterranean landcape. The highest diversity was in long caves with large cave entrance areas such as the Abrskila, Golova Otapa, Nizhnyaya Shakuranskaya, Srednyaya Shakuranskaya, and Tsebel'dinskaya. The fauna of these caves included 8-14 species. The richest stygobiotic fauna (> 10) was observed in Nizhnyaya Shakuranskaya and Tsebel'dinskaya caves. In contrast, no more than three species were found in small caves with vertical or narrow horizontal entrances (well Uapatyh and Cave Simona Kananita). This is in agreement with a previously reported positive correlation between species richness and cave volume (Culver et al. 2004 , Matheus et al. 2015 , Souza-Silva et al. 2011 .
Besides this, the community structure significantly depended of the hydrological type of water bodies and heterogeneity in aquatic habitats. Species richness is also higher in the caves with streams and rivers in comparison with those with stagnant ponds (Simões et al. 2015) . Firstly, this can be accounted for by high air-humidity levels preferred by most of the troglobionts 1 . Another reason is the availability of organic matter, which is deposited by water streams and consumed by troglobionts (Souza-Silva et al. 2011 ). However, we found no relationship between the number of stygobiotic species and the hydrological type of water basins.
Anthropogenic pressure. Preliminary assessments of the anthropogenic influences were made for Abrskila, Golova Otapa and New Athos caves. The faunas of the small caves were too poor for comparative purposes.
In the entrance areas of Abrskila and Golova Otapa caves, stygobionts were fully replaced by epigean species. In Cave Abrskila Cave, apparently due to artificial light, larvae of epigean Plecoptera, Capnia Pictet, 1841, were found approximately 400 m far from the entrance. These larvae inhabited a piece of rotten wood probably brought inside during the construction of tourist trails. Troglocaris were completely absent from the illuminated part of the cave, but remained rather abundant in the dark parts. Earlier, this shrimp occurred throughout the whole cave except the entrance area (cave owner Adleba V, pers. comm.). Thus, both artificial illumination and external substrates brought from the surface served as good examples of anthropogenic impact promoting amphibiotic insect larvae to moving upstream from the surface to deep in caves, in colonizing the subterranean habitats, and in replacing the stygobionts.
In New Athos Cave, the anthropogenic influence was remarkable near the walking trails, especially close to basins. Many of coins left behind by tourists could change the hydrochemical composition of water. On the other hand, cleaning up the speleothems from microalgae growing in the lighted places led to intrusions of cleansers into rimstone pools and puddles. This may be the reason of macrofauna was virtually absent from all basins near the touristic trails.
A number of methods for the assessment of anthropogenic pressure have been developed for marine or freshwater ecosystems, but these are not applicable to subterranean waters. The first criterion of a cave community disturbance is reduction of troglobiont abundance (Gutjahr et al. 2013) . High-level human disturbances result in decreased abundance, observed in several microponds in New Athos, as well as in some parts of the river in Abrskila. Communities inhabiting caves are extremely sensitive to changes in air humidity, temperature, and illumination (Gutjahr et al. 2014) . Even modest actions may cause significant changes in the communities. Therefore, the conservation of an endemic fauna requires special zones of restricted or no access and reduced nature management in separate caves or in whole karst massifs (Georgiev 2014) .
The dispersal ability of taxa. A comparative analysis of the speleofauna of the study regions of Abkhazia revealed high degrees of similarity in composition between the caves from the same river valley, about 3 km apart from each other. In contrast, the species lists from the adjacent valleys varied greatly. Stygobiotic taxa differ notice-1 Here, the term "troglobionts" means subterranean animals in sensu lato, wile "stygobionts" inhabit the subterranean waters.
ably by their dispersal capacities. The slow-moving Hydrobiidae gastropods inhabiting the surface of hard substrate, as well as relatively large bentho-planktonic shrimps (Troglocaris), were endemics to individual cave systems. All species of these taxa were found in some adjacent caves close by. Local endemism of Troglocaris and some mollusks (Belgrandiella, Paladilhiopsis, Pontohoratia etc.) has also been found in caves of the Balkan Peninsula (Franjević et al. 2010, Jalžić and Pavlek 2013) . Therefore, local endemism is typical of this stygobiotic groups. The ranges of these taxa often do not exceed several kilometers. In contrast, the subterranean Amphipoda were relatively widely distributed. Among them, two species of the genus Niphargus and one of the genus Zenkevitchia were the only stygobionts recorded in the different cave systems of Abkhazia. This species inhabit entire karst massifs at least of a few dozen kilometers in span (Sidorov 2014 , Skalski 1980 . Amphipoda, as very common inhabitants of underground waters and hypotelminorheic habitats, show increased dispersal capacities (Culver and Pipan 2008 , Culver et al. 2006 , Marmonier et al. 1993 .
Amphipods are often considered to be wider distributed across the karst regions than other stygobiotic taxa (Kniss 2001, Jalžić and Pavlek 2013) . Recently, genetic analysis of the Niphargus genus revealed many cryptic species (Trontelj et al. 2009 ). Most of these species have narrow local ranges, but about 25% of them have been found in caves 100 km or more apart (Lefébure et al. 2006 , Lefébure et al. 2007 , Trontelj et al. 2009 ). The latter is peculiar to N. arbiter Karaman G., 1984 , N. fontanus Bate, 1859 , N. illidzensis cf. dalmatinus 1, N. cf. longicaudatus 2, N. salonitanus Karaman S., 1950, and to some cryptic lineages of N. virei Chevreux, 1896 and N. rhenorhodanensis (Schellenberg, 1937) . Thus, a narrow local endemism is not obligate for stygobiotic amphipods.
Conclusion
Further biospeleological investigations are necessary to reveal more detailed patterns in the distribution and diversity of the stygobiotic fauna of the western Caucasus. More research will almost certainly extend the ranges of some species. On the other hand, molecular analysis may help in detecting additional taxa with restricted distributions. Estimating the real species richness and ecological preferences of stygobionts may lay the grounds for tracing consistent patterns of cave fauna formation in the region.
An analysis of the stygobiotic fauna from nine caves of central Abkhazia, western Caucasus, provides the following ecological observations:
(1) In the studied caves were found 35 species of stygobionts: Turbellaria (4 species), Oligochaeta (4), Hirudinea (1); Gastropoda (12), Bivalvia (3); Crustacea (12). Of these, 15 species are still to be described as new to science. (2) In the subterranean rivers of Abrskila and Golova Otapa caves, the species richness and faunal diversity was revealed as increasing from the most remote stations inside the caves to the entrance areas, reaching the highest values in the epigean area. In both caves, two abundance peaks of aquatic invertebrates were registered: one in the entrance area, associated with the development of amphibiotic insect larvae, the other one in the depth of the caves due to the high numbers of stygobionts. In Cave New Athos, the highest species richness and fauna abundance were observed in large lakes. (3) In caves Abrskila and Golova Otapa, two ecofaunistic complexes with complementary distributions were revealed. The first is a complex of amphibiotic insects in the cave entrance area, the second a complex of stygobionts in the remote parts of the caves. In Cave New Athos, which is devoid of a entrance area, only a stygobiotic faunistic complex was found. (4) The most significant anthropogenic impact on stygobionts was observed in Cave New Athos, where almost all waterbodies located near the excursion trails were devoid of a macrofauna. Hydrobionts mostly inhabited large lakes which were distant from the touristic routes. Both artificial illumination and extraneous material brought inside from the surface are the anthropogenic impacts that help epigean amphibiotic insect larvae colonize the subterranean habitats. (5) The stygobiotic faunas of the study karst caves are clearly divided into three groups, according to the number of river valleys in which they are located. The fauna compositions of the stygobionts from caves situated within one river valley are similar to no less than 50%. The compositions of the stygobionts from caves located in neighboring valleys (30 to 60 km apart) contain not more than 12% of shared species. (6) In the stygobiotic shrimps and Gastropoda (Hydrobiidae) that inhabit stone surfaces, local endemism is typical and their ranges often fail to span more than a few kilometers. In contrast, the stygobiotic Amphipoda that penetrate the ground waters show high dispersal capacities and are widely distributed between cave systems within individual karst massifs.
